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(57) ABSTRACT 

The present invention provides novel markers for diagnosing 
pancreatic cancer, and methods for determining if a subject 
has pancreatic cancer utilizing the markers, etc. The methods 
involve comparing mass-spectrometric peaks of certain Sugar 
chains, obtained from patients’ blood and determining if there 
is a significant decrease in peak intensity, compared with 
corresponding peaks from patients without pancreatic cancer. 

4 Claims, 3 Drawing Sheets 
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1. 

METHOD OF DAGNOSING PANCREATC 
CANCER WITH THE USE OF N-BINDING 

TYPE SUGAR CHANS 

TECHNICAL FIELD 

The present invention relates to a method for determining if 
a subject has pancreatic cancer, utilizing a specific N-linked 
Sugar chain as a marker for diagnosing pancreatic cancer. 

BACKGROUND ART 

Pancreas is an organ of about 15 cm in length which is 
located at the back of stomach. The major pancreatic diseases 
are pancreatic cancer and pancreatitis. Pancreatic cancer is 
particularly known as one of cancers with increased mortality 
rate among Japanese in recent years. Causes of pancreatic 
cancer have not been completely identified, and excessive 
consumption of animal fat, animal protein, alcohol, etc. due to 
Westernized dietary habits, Smoking and so on are considered 
to be risk factors. In addition, people having a history of 
chronic pancreatitis, pancreatolithiasis, diabetes, or acute 
pancreatitis are also considered to be in high-risk groups. 
Pancreatic cancer is initiated in cells having an exocrine func 
tion, in particular, in cells of the pancreatic duct where pan 
creatic juice flows, and this type accounts for more than 90% 
of pancreatic cancers. Early detection of pancreatic cancer is 
critically important, because it is highly malignant and metas 
tasized to other organs (in particular, to the liver, etc.) at an 
early stage. The pancreas, however, is Surrounded by many 
organs such as stomach, duodenum, spleen, small intestine, 
large intestine, liver, and gallbladder, which makes it very 
difficult to detect the cancer at an early stage. This often 
results in a distant metastasis and a pancreatic cancer discov 
ered in an advanced stage, well past the treatable and resect 
able phase. 

Examples of serum tumor markers that have already been 
developed for diagnosing pancreatic cancer include CA19-9 
(Non-patent Document 1), Dupan-2 (Non-patent Document 
2), CA-50 (Non-patent Document 3), Span-1 (Non-patent 
Document 4), etc. These markers, however, give positive 
results even in the cases of pancreatic and liver benign disor 
ders Such as chronic pancreatitis, chronic hepatitis, and liver 
cirrhosis, which poses a problem of specificity. In addition, 
these markers sometimes give negative results for specific 
pancreatic cancers, and therefore inadequate as tumor mark 
ers for specifically and reliably detecting pancreatic cancers. 
It has therefore been considered difficult to detect/confirm the 
presence of a wide range of pancreatic cancers early and 
reliably by conventional methods. 

Further, some patent publications disclose a method for 
detecting and diagnosing pancreatic cancer using as a marker 
a gene specifically expressed on tumor cells. To date, PAN 
CIA and PANCIB (Patent Document 1) and KCCR13L 
(Patent Document 2) have been disclosed as pancreatic can 
cer marker genes. Furthermore, since a DNA amplification or 
deletion is found in a specific chromosomal site in pancreatic 
cancer cells, a method is also proposed for diagnosing pan 
creatic cancer by detecting the amplification ordeletion in the 
chromosomal site which is specific to pancreatic cancers 
(Patent Document 3). 

PRIOR ART DOCUMENTS 

Patent Documents 

Patent Document 1: Published Japanese translation of PCT 
international publication 2000-502902 
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2 
Patent Document 2: Japanese Patent Application No. 2003 
O41843 

Patent Document 3: Japanese Laid-Open Patent Application 
No. 2001-17169 

Non-Patent Documents 

Non-patent Document 1: Somatic Cell Genet., 5: 957-972, 
1979 

Non-patent Document 2: Cancer Res., 42, 601, 1982 
Non-patent Document 3: Int. Arch. Allergy Appl. Immunol., 

71, 178-181, 1983 
Non-patent Document 4: The Japanese Journal of Surgery 

(Nihon Gekagakkai-shi), 87, 236, 1986 

DISCLOSURE OF THE INVENTION 

Object to be Solved by the Invention 

The object of the present invention is to provide a method 
for determining if a subject has pancreatic cancer, utilizing a 
novel marker for detecting pancreatic cancer. 

Means to Solve the Object 

The present inventors collected blood from patients of 78 
cases in total including patients of 24 cases with pancreati 
cobiliary-duct benign disorder (16 gallstone cases and 8 pan 
creatitis cases) and patients of 54 cases with pancreatic can 
cer, and mass spectrometry was performed on N-linked Sugar 
chains in the plasma. From 74 mass spectrometric peaks 
detected, 65 sugar chains were extracted based on the results 
of PAM analysis. These 65 sugarchains were then used for the 
prediction of pancreatic cancer or pancreaticobiliary-duct 
benign disorder, to correctly diagnose 74% cases. Further, a 
T-test was performed between the two groups, the group of 
pancreaticobiliary-duct benign disorder and the group of pan 
creatic cancer, which identified two Sugar chains, the Sugar 
chain of m/z. 3031 and the sugar chain of m/Z 2362, as sugar 
chains demonstrating significant difference (p<0.05) and 
exhibiting 2-fold or greater difference in expression levels 
between the two groups. The rate of correct detection when 
using these Sugar chains was calculated with six classifiers, 
all of which showed that about 70% cases were correctly 
detected, and thus the present invention was completed. 
More specifically, the present invention relates to (1) a 

method for determining if a subject has pancreatic cancer, 
sequentially comprising: a step of releasing N-linked Sugar 
chains from glycoprotein in blood collected from a test Sub 
ject; a step of purifying the released Sugar chains; a step of 
performing mass spectrometry on the purified Sugar chains; 
and a step of determining if the Subject has pancreatic cancer 
using as an indeX a detected intensity of at least one Sugar 
chain selected from Sugar chains having a peak mass/charge 
ratio (m/z) of 3031, 2362, 1339, 3047, 2703, 2097, 1950, 
1266,3193,4177,2663,2639, 2055,2259,2579, 1206, 2428, 
1984, 2817, 1893,2274,2071 2814, 2217, 2696, 1324, 2269, 
2742,2112, 2011, 2175,2563,2128, 2420,2214,4015, 2313, 
1381,2630, 1208, 1203,3352,2682,3338, 2649,2123, 2574, 
2335,2880, 1351,2668,2728,4340,2417, 1501, 1989,2726, 
1674, 1259,3320, 1827, 1619, 1819, 2723, and 2151 in mass 
spectrometry using a MALDI-TOF-MS analyzer, or from 
Sugar chains equivalent to the above Sugar chains; (2) the 
method for determining if a Subject has pancreatic cancer 
according to (1), wherein the peak mass/charge ratio (m/z) in 
mass spectrometry using the MALDI-TOF-MS analyzer is 
3031 and/or 2362; and the method for determining ifa subject 
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has pancreatic cancer according to (1) or (2), wherein the 
N-linked Sugar chains are released using trypsin and N-gly 
cosidase F. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 This figure shows the rate of correct detection when 
using 65 Sugar chains extracted by PAM analysis. 

FIG.2 This figure shows the rate of correct detection by the 
sugar chain of m/z. 3031 and the sugar chain of m/Z 23.62. 

FIG.3 This figure shows predictive structural formulae for 
the sugar chain of m/z. 3031. * represents the best possible 
structural formula. 

FIG. 4 This figure shows predictive structural formulae for 
the sugar chain of m/Z 2362. * represents the best possible 
structural formula. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

The method for determining if a subject has pancreatic 
cancer of the present invention is not particularly limited as 
long as it is a method sequentially comprising: (1) a step of 
releasing N-linked Sugar chains from glycoprotein in blood 
collected from a test Subject; (2) a step of purifying the 
released Sugar chains; (3) a step of performing mass spec 
trometry on the purified Sugar chains; and (4) a step of deter 
mining if the Subject has pancreatic cancer using as an index 
a detected intensity of at least one Sugar chain selected from 
Sugar chains having a peak mass/charge ratio (m/z) of 3031, 
2362, 1339,3047,2703, 2097, 1950, 1266,3193,4177,2663, 
2639,2055,2259,2579, 1206, 2428, 1984, 2817, 1893,2274, 
2071 2814, 2217, 2696, 1324, 2269,2742, 2112, 2011, 2175, 
2563,2128, 2420,2214,4015, 2313, 1381,2630, 1208, 1203, 
3352,2682,3338,2649,2123,2574, 2335,2880, 1351,2668, 
2728,4340,2417, 1501, 1989,2726, 1674, 1259,3320, 1827, 
1619, 1819, 2723, and 2151 in mass spectrometry using a 
MALDI-TOF-MS analyzer, or from sugar chains equivalent 
to the above sugar chains. A preferred method determines if a 
Subject has pancreatic cancer using as an index a detected 
intensity of Sugar chains with a mass spectrometric peak 
mass/charge ratio (m/z) of 3031 and/or 2362. Further, a 
sample used in the method for determining if a Subject has 
pancreatic cancer of the present invention is not particularly 
limited as long as the sample is derived from the blood that 
have been collected from a test subject, and it may be whole 
blood containing all the blood components, or serum or 
plasma separated from the blood, while serum and plasma are 
preferred and plasma is particularly preferred. 

In the present invention, the N-linked Sugar chain is a 
glycoprotein Sugar chain bound to an amide-group nitrogen 
atom on the side chain of an asparagine residue of the protein. 
Such Sugar chain is also referred to as N-type Sugar chain or 
asparagine-linked Sugar chain. Specific examples of the 
method for releasing N-linked Sugar chains from glycopro 
tein in the blood of the present invention include enzymatic 
methods using N-glycosidase F (also referred to as Glyco 
peptidase, PN Gase, glycanase, glycoamidase, etc.) or Gly 
copeptidase A, etc., and a hydrazinolysis methods, among 
which an enzymatic method using N-glycosidase F can be 
preferably exemplified. In association with Such enzymatic 
method, a protease such as trypsin can be combined. Further, 
in the present invention, the method for purifying the released 
Sugar chains is not particularly limited as long as it is a 
method wherein the Sugar chains are captured and purified 
selectively from a mixture in a sample, while specific and 
preferred examples include a method using BlotClyco (reg 
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4 
istered trademark) for MALDI (Sumitomo Bakelite Co., 
Ltd.), that are beads for capturing Sugar chains, optimized for 
highly-sensitive measurements by MALDI-TOF-MS. 

Herein, “MALDI-TOF-MS is an abbreviation for Matrix 
Assisted Laser Desorption Ionization-Time-of-Flight (Mass 
Spectrometer). The MALDI method comprises spotting a 
sample on a plate, Subsequently adding a matrix solution 
(2,5-dihydroxybenzoic acid) thereto and then drying, hard 
ening and crystallizing the mixture, applying a large amount 
of energy on the matrix by a pulsed laser irradiation so as to 
cause the desorption of sample-derived ions and matrix-de 
rived ions such as (M+H)" and (M+Na)". MALDI-TOF-MS 
is to measure mass based on time of flight utilizing the 
MALDI method. When the ions are accelerated at a constant 
accelerating Voltage V, m/z of the ions can be represented by 
the formula“m/z 2eVt/L', wherein m is mass of the ions, 
V is velocity of the ions, Z is charge number of the ions, e is 
elementary electric charge, and t is time of flight of the ions. 
In the present invention, other analyzer than MALDI-TOF 
MS analyzer can be used. As for the ionic source, for example, 
electronionization, chemical ionization, field desorption, fast 
atom bombardment, electrospray ionization, atmospheric 
pressure chemical ionization, etc. can be used. As for analysis 
method, for example, methods such as magnetic sector 
method, quadrupole method, ion trap method, and fourier 
transform ion cyclotron resonance method can be employed. 
Further, the above analysis methods can be used in combina 
tion with HPLC. 

In the present invention, the Sugar chain having a peak 
mass/charge ratio (m/z) of 3031 in mass spectrometry using a 
MALDI-TOF-MS analyzer is a sugar chain showing a mass 
spectrometric peak at m/z. 3031 as a result of mass spectrom 
etry using a MALDI-TOF-MS analyzer, and specific 
examples of predictive structural formulae for Such Sugar 
chain are 
(Hex)1(HexNAc)6(NeuGc)1+(Man)3(GlcNAc)2, 
(Hex)2(HexNAc)6(Deoxyhexose)1+(Man)3(GlcNAc)2. 
(HexNAc)4(Deoxyhexose)6+(Man)3(GlcNAc)2. 
(HexNAc)1(NeuAc)4(NeuGc)1+(Man)3(GlcNAc)2, 
(HexNAc)1(Deoxyhexose)2(NeuAc)3(NeuGc)1+(Man)3 

(GlcNAc)2, 
(Hex)1(HexNAc)1(Deoxyhexose)1(Neu-Ac)4+(Man)3 

(GlcNAc)2, 
(Hex)1(HexNAc)3(NeuAc)1(NeuGc)2+(Man)3(GlcNAc)2, 
(HexNAc)1(Deoxyhexose)4(NeuAc)2(NeuGc)1+(Man)3 

(GlcNAc)2, 
(Hex)1(HexNAc)1(Deoxyhexose)3(NeuAc)3+(Man)3 

(GlcNAc)2, 
(HexNAc).1(Deoxyhexose)2(NeuAc)4+(Man)3(GlcNAc)2, 
(Hex)1(HexNAc)3(NeuAc)2(NeuGc)1+(Man)3(GlcNAc)2, 
(HexNAc).1(Deoxyhexose)4(NeuAc)3+(Man)3(GlcNAc)2, 
(Hex)2(HexNAc)3(Deoxyhexose)1(Neu-Ac)2+(Man)3 

(GlcNAc)2, etc. 
Further, the Sugar chains equivalent to the above Sugar chains 
mean Sugar chains of the case of using other mass analyzer 
than MALDI-TOF-MS analyzer, that are homologous to the 
Sugar chains showing a mass spectrometric peak at m/z. 3031 
when a MALDI-TOF-MS analyzer is used. 

In the present invention, the Sugar chain having a peak 
mass/charge ratio (m/z) of 2362 in mass spectrometry using a 
MALDI-TOF-MS analyzer is a sugar chain showing a mass 
spectrometric peak at m/Z 23.62 as a result of mass spectrom 
etry using a MALDI-TOF-MS analyzer, and specific 
examples of predictive structural formulae for Such Sugar 
chain are 
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TABLE 2 

Class Sensitivity Specificity PPV NPV 

Pancreatic cancer O.907 0.375 ().766 O.643 
Benign disorder 0.375 O.907 O643 (). 766 

Further, a T-test was performed between the two groups, 
the group of pancreaticobiliary-duct benign disorder and the 
group of pancreatic cancer, which identified two Sugarchains, 
the sugar chain of m/z. 3031 and the sugar chain of m/Z 2362, 
as the Sugar chains exhibiting significant difference (p<0.05) 
and exhibiting 2-fold or greater difference in expression lev 
els between the two groups. Table 3 shows the detected inten 
sities of these two Sugar chains, which were quantified (%) 
using the control as the standard (100%). 

TABLE 3 

Pancreatic cancer Benign disorder 

3031 miz 6.9 21.9 
2362 miz 2.8 6.1 

Further, the rate of correct detection when using the Sugar 
chain of m/z. 3031 and the sugar chain of m/Z 2362 was 
calculated by six classifiers, all of which gave the result of 
about 70% correct detection. The six classifiers used and the 
calculated rates of correct detection for respective classifiers 
are as follows: 
Compound Covariate Predictor: 73% 
Diagonal Linear Discriminant Analysis: 74% 
1-Nearest Neighbor Predictor: 67% 
3-Nearest Neighbor Predictor: 71% 
Nearest Centroid Predictor: 72% 
Support Vector Machine Predictor: 67% 

Further, the structural formulae of the sugar chains were 
predicted using GlycoSuite online database (Proteome Sys 
tems), based on the signals obtained as a result of mass 
spectrometry (FIGS. 3 and 4). The above results revealed that 
using as indexes the Sugar chain of m/z. 3031 and the Sugar 
chain of m/Z 2362 in the plasma allows the diagnosis of 
pancreatic cancer. 

INDUSTRIAL APPLICABILITY 

According to the present invention, by analyzing a specific 
N-linked Sugar chain in the plasma, a highly specific deter 
mination ifa Subject has pancreatic cancer is enabled without 
placing a heavy burden on a test Subject. 
The invention claimed is: 
1. A method for determining if a Subject has pancreatic 

cancer, sequentially comprising the following steps (1) to (4): 
(1) a step of releasing N-linked Sugar chains from glyco 

protein in blood collected from a test subject; 
(2) a step of purifying the released Sugar chains; 
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8 
(3) a step of performing mass spectrometry on the purified 

Sugar chains; and 
(4) a step of determining if the Subject has the pancreatic 

cancer using as an index a significant decrease of 
detected intensity of Sugar chains having a peak mass/ 
charge ratio (m/z) of 3031 and 2362 in mass spectrom 
etry using a MALDI-TOF-MS analyzer, compared to 
that of a patient with pancreaticobiliary-duct benign dis 
order; 

wherein the peak mass/charge ratio (m/z) in the mass spec 
trometry is a level obtained when capturing and labeling 
the released Sugar chains using beads for capturing Sugar 
chains. 

2. The method for determining if a Subject has pancreatic 
cancer according to claim 1, wherein the N-linked Sugar 
chains are released using trypsin and N-glycosidase F. 

3. The method according to claim 1, wherein a predictive 
Sugar chain having a peak mass/charge ratio (m/z) of 3031 in 
mass spectrometry using a MALDI-TOF-MS analyzer is 

(Hex)1(HexNAc)6(NeuGc)1+(Man)3(GIcNAc)2, 
(Hex)2(HexNAc)6(Deoxyhexose)1+(Man)3(GIcNAc)2, 
(HexNAc)4(Deoxyhexose)6+(Man)3(GIcNAc)2, 
(HexNAc)1(NeuAc)4(NeuGc)1+(Man)3(GIcNAc)2, 
(HexNAc)1(Deoxyhexose)2(NeuAc)3(NeuGc)1+(Man)3 

(GIcNAc)2. 
(Hex)1(HexNAc)1(Deoxyhexose)1(Neu-Ac)4+(Man)3 

(GIcNAc)2. 
(Hex)1(HexNAc)3(NeuAc)1(NeuGc)2+(Man)3(GIc 

NAc)2, 
(HexNAc)1(Deoxyhexose)4(NeuAc)2(NeuGc)1+(Man)3 

(GlcNAc)2, 
(Hex)1(HexNAc)1(Deoxyhexose)3(NeuAc)3+(Man)3 

(GIcNAc)2. 
(HexNAc)1(Deoxyhexose)2(Neu-Ac)4+(Man)3(GIcNAc) 

2. 
(Hex)1(HexNAc)3 (NeuAc)2(NeuGc)1+(Man)3(GIc 

NAc)2, 
(HexNAc)1(Deoxyhexose)4(NeuAc)3+(Man)3(GIcNAc) 

2, or 
(Hex)2(HexNAc)3(Deoxyhexose)1(Neu-Ac)2+(Man)3 

(GIcNAc)2. 
4. The method according to claim 1, wherein a predictive 

Sugar chain having a peak mass/charge ratio (m/z) of 2362 in 
mass spectrometry using a MALDI-TOF-MS analyzer is 
(HexNAc)2(NeuGc)2+(Man)3 (GIcNAc)2, 
(Hex)1(HexNAc)2(Deoxyhexose)1(NeuGc)1+(Man)3 

(GIcNAc)2. 
(HexNAc)2(NeuAc)1(NeuGc)1+(Man)3(GIcNAc)2, or 
(Hex)1(HexNAc)2(Deoxyhexose)1(Neu-Ac)1+(Man)3 

(GIcNAc)2. 
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